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TITLE OF INVENTION 
ALPHAVIRUS VECTORS 

5 FIELD OF INVENTION 

The present invention relates to the field of DNA 
vaccines and is particularly concerned with modified 
alpha virus vectors for use in such vaccines, 

BACKGROUND OF THE INVENTION 

10 Semliki Forest virus (SFV) is a member of the 

Alphavirus genus in the Togaviridae family. The mature 
virus particle contains a single copy of a ssRNA genome 
with a positive polarity that is 5 • -capped suid 3 ' - 
polyadenylated. It functions as an mRNA and naked RNA 

15 can start an infection when introduced into cells, l^on 
infect ion/transfection, the 5' two-thirds of the genome 
is translated into a polyprotein that is processed into 
the four nonstructural proteins (nsPl to 4) by self 
cleavage. Once the ns proteins have been synthesized 

20 they are responsible for replicating the plus-strand 
(42S) genome into full-length minus strsinds (ref. 14). 
These minus -strands then serve as templates for the 
synthesis of new plus -strand (42S) genomes and the 26S 
subgenomic mRNA (ref. 1 - Throughout this application, 

25 various references are cited in parentheses to describe 
more fully the state of the art to which this invention 
pertains. Full bibliographic information for each 
citation is found at the end of the specification. The 
disclosures of these references are hereby incorporated 

30 by reference into the present disclosure) . This 
subgenomic mRNA, which is colinear with the last one- 
third of the genome, encodes the SFV structural 
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proteins. In 1991 Liljestrom and Garoff (ref. 2) 
designed a series of expression vectors based on the SFV 
CDNA replicon. These vectors had the virus structural 
protein genes deleted to make the way for heterologous 
5 inserts, but preserved the nonstructural coding region 
for production of the nsPl to 4 replicase complex. 
Short 5 * and , 3 ' sequence elements required for RNA 
replication were also preserved. A polylinker site was 
inserted downstream from the 26S promoter followed by 

10 translation stop sites in all three frames. An Spel 
site was inserted just after the 3' end of the SFV CDNA 
for linearization of the plasmid for use in vitro 
transcription reactions J 

Injection of SFV RNA encoding a heterologous 

15 protein have been shown to result in the expression of 
the foreign protein and the induction of antibody in a 
number of studies (refs. 3,4) . The use of SFV RNA 
inoculation to express foreign proteins for the purpose 
of immxinization would have several of the advantages 

20 associated with plasmid DNA immunization. For example, 
SFV RNA encoding a viral antigen may be introduced in 
the presence of antibody to that virus without a loss in 
potency due to neutralization by antibodies to the 
virus. Also, because the protein is expressed in vivo 

25 the protein should have the same conformation as the 
protein expressed by the virus itself. Therefore, 
concerns about conformational changes which could occur 
during protein purification leading to a loss in 
immunogenicity, protective epitopes and possibly 

30 immunopotentiation, could be avoided by plasmid DNA 
immunization. 
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In WO95/27044 



3 

the disclosure of which is 



incorporated herein by reference, there is described the 
use of alphavirus cDNA vectors based on cDNA 



5 transcribed from the cDNA under transceptional control 
of a heterologous promoter, the alphavirus RNA is able 
to self-replicate by means of its own replicase and 
thereby amplify the copy number of the transcribed 
recombinant RNA molecules. 

10 STTMBgARY OF THE INVENTION 

The present invention is concerned with 
modifications to the alphavirus cDNA vectors described 
in the aforementioned WO 95/27044 to permit enhanced 
replication of the alphavirus. In the present 

15 invention, a heterologous splice site is introduced 
into the alphavirus replicon sequence, particularly 
that of Semliki Forest virus (SFV) . 

Accordingly, in one aspect, the present invention 
provides an expression vector comprising a DNA molecule 

20 complementary to at least part of an alphavirus RNA 
genome, which DNA molecule comprises the complement of 
the complete alphavirus RNA genome regions which are 
essential for replication of the said alphavirus RNA, 
and further comprises a heterologous DNA sequence 

25 capable of expression in a suitable host, such as a 
human or animal host, said heterologous DNA sequence 
being inserted into a region of the DNA molecule which 
is non-essential to replication thereof, and the DNA 
molecule being placed under transcriptional control of 

30 a promoter sequence functional in said animal or human 
host, wherein at least one heterologous splice site is 



complementary to the alphavirus RNA sequence. 



Once 
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provided in the DNA molecule to prevent aberrant RNA 
splicing of the alphavirus. 

The alphavirus molecule is a large molecule and, 
accordingly, there is a high probability of cryptic 
5 splice sites, thereby impairing the replication of the 
alphavirus and hence its ability to express the 
heterlogous DNA is impaired. By introducing the at 
least one optimal heterologous splice site in 
accordance with the present invention into the 

10 alphavirus replicon sequence, any splicing is likely to 
be directed at the heterologous splice site rather than 
any cryptic splice sites, restores the function of the 
SFV replicon when removed, and may improve transport of 
RNA from the nucleus (ref. 6)* 

15 In the constructs provided herein, the promoter is 

placed upstream of the 5' -end of the alphaviarus 
sequence, such that the resultant transcript has an 
authentic 5 ' -end, which is required for the efficient 
replication of the alphavirus RNA replicon. 

20 In addition, there may be provided at the 3 'end of 

the Semliki Forest virus segment, a hepatitis delta 
virus ribozyme sequence to ensure proper in vivo 
cleavage at the 3 '-end of the sequence. Any other 
convenient sequence may be employed to achieve this 

25 effect. 

The heterologous splice site sequence may be 
provided by the nucleotide sequence of the rabbit P- 
globin intron II, as described in reference 5. Such 
heterologous splice site sequence may be inserted into 
30 the complement sequence at any convenient location 
which generates perfect splice junctions. This 
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precludes replication of the alphavirus, unless it is 

authentically removed by splicing. , 

I have identified five suitable sites in the SFV 

replicon, which are contained within an EcoRV-Spel 
5 fragment of the replicon which is 8010 bp in length 

(Fig. 3) . The first such site is a Ppu-MI site, at 

position 2719 within the EcoRV-Spel fragment. 

In constructing the modified vectors provided 

herein, the EcoRV-Spel fragment is cut with Ppu-MI at 
10 position 2719 and made blunt-ended with Mung Bean 

nuclease, which removes three bases from the SFV 

sequence. A blunt-ended p-globin II intron, which is 

536 bp long, is ligated into. the site and replaces the 

missing three bases with sequence added to the 3 '-end 
15 of the P-globin intron sequence (Fig. 1) . 

The other four suitable sites for insertion of the 

Intron are the PvuII sites at bp 2518, 3113, 6498 and 

6872 of the EcoRV-Spel fragment. Insertion of the 

Intron is achieved by cutting with PvuII (a blunt end 
20 cutter) and the blunt -ended P-globin II intron sequence 

(Fig. 2) is ligated into one or more of these sites. 

In a further aspect of the present invention, 

there is provided a cloning vector suitable for 

expression in a host cell of an heterologous DNA 
25 sequence, which comprises a DNA molecule complementing 

to at least part of an alphavirus RNA genome, which DNA 

molecule comprises the complement of the complete 

alphavirus RNA genome regions and has a cloning site 

for insertion therein of a heterologous DNA sequence 
30 capable of expression in a host cell, said cloning site 

being located in a region of the DNA molecule which is 

I 
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non-essential to replication thereof; a promoter 
sequence functional in said host cell and 
transcriptionally controlling said DNA molecule, said 
promoter sequence being placed upstream of the 5 '-end 
5 of the DNA molecule such that the resultant transcript 
had an authentic 5' end; at least one heterologous 
splice set provided in the complement of the DNA 
molecule to generate perfect splice junctions in the 
alphavirus in order to prevent aberrant splicing and an 

10 additional DNA sequence at the 3 ' -end of the DNA 
molecule to direct proper in vivo cleavage at the 3'- 
end of the reactant mRNA transcript. 

BRIEF DESCRIPTION OF DRAWINGS 
Figure 1 shows the DNA sequence of the P-globin 

15 intron II including three additional nucleotides at the 
3'-end thereof (SEQ ID No:l); 

Figure 2 shows the DNA sequence of the P-globin 
intron II (SEQ ID No:2) ; 

Figures 3A to 3C show the DNA sequence of the 
20 EcoRV-Spel fragment of Semliki Forest virus replicon 
(SEQ ID No: 3) ; 

Figures 4A to 4D show the DNA sequence of the pSFV 
link (SEQ ID no: 4) prepared as illustrated in Figure 
5; 

25 Figure 5 shows construction of pSFVlink (11060 bp) 

from pSFVl using a linker sequence (SEQ ID nos: 5,6); 

Figures 6A to 6D show the nucleotide sequence of 

plasmid pMP76 (SEQ ID no: 11, prepared as illustrated 

in Figures 8A to 8D; 
3 0 Figure 7 illustrates subsections of plasmid pSFV 

link (see Figure 5); 
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Figure 8A to 8D show the construction of plasmid 
pMP76 from plasmids pMP53, pMP70, pMP47, pMP55 and 
pMP71; 

Figures 9A to 9B show the construction of plasmids 
5 pMP53, pMP54 and pMP55 from plasmid pMP52; 

Figure 10 shows the construction of plasmid MP52 
from pUC19 using a linker sequence (SEQ ID no: 7,8); 

Figures llA to IIB show the construction of 
plasmids pMP46, pMP47 and pMP70 from pUC19 and fragment 
10 from pSFV link, prepared as seen in Figure 7; and 

Figures 12A to 12B show the construction of 
plasmid pMP71 from plasmid pCMV3 . 

GENERAL DESCRIPTION OF INVENTION 

15 As discussed above, the present invention provides 

a modified alphavirus DNA. The alphavirus preferably 
is Semliki Forest virus. In particular, the present 
invention provides a cloning vector for heterologous 
gene expression in a host, such as an animal or human. 

20 The promoter sequence may comprise a promoter of 

eukaryotic or prokaryotic origin. Suitable promoters 
are the cytomegalovirus immediate early promoter 
(pCMV) , although other promoters, such as the Rous 
sarcoma virus long- terminal repeat promoter (pRSV) , 

25 since, in the case of these and similar promoters, 
transcription is performed by the DNA-dependent RNA 
polymerase of the host cell. Additionally, the SP6, T3 
or T7 promoters can be used, provided that the cell has 
first been transformed with genes encoding SP6, T3 or 

30 T7 RNA polymerase molecules which are either inserted 
into the chromosome or remain episomal. Expression of 
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these (SP6/ T3; T7) RNA polymerase- encoding genes is 
dependent on the host cell DNA-dependent RNA 
polymerase . 

The heterologous DNA insert may comprise the 
5 coding sequence for a desired product, which may be a 
biologically active protein or polypeptide, for 
example, the heterologous DNA insert may code for HIV 
sequences, e.g., an immunogenic or antigenic protein or 
polypeptide, or a therapeutically active protein or 
10 polypeptide. The heterologous DNA may also comprise 
additional sequences, such as a sequence complementary 
to an RNA sequence which is a self -cleaving ribozyme 
sequence . 

The DNA vectors provided herein may be 
15 administered to a host, including a human host, for in 
vivo expression of the heterologous DNA sequence, in 
accordance with a further aspect of the invention, in 
order to generate an immune response in the host, which 
may be a protective immune response. The DNA vectors 
20 may be further formulated into immunogenic compositions 
for such administration. 



BIOLOGICAL DEPOSITS 

Certain vectors that contain the Semliki Forest 
25 virus replicon and referred to herein have been 
deposited with the American Type Culture Collection 
(ATCC) located at 10801 University Boulevard, Manassas, 
VA 20110-2209, U.S.A., pursuant to the Budapest Treaty 
and prior to the filing of this application. 
30 Samples of the deposited plasmids will become 

available to the public upon grant of a patent based 
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upon this United States patent application and all 
restrictions on access to the deposits will be removed 
at that time. Non- viable deposits will be replaced. 
The invention described and claimed herein is not to be 
5 limited in scope by plasmids deposited, since the 
deposited embodiment is intended only as an illustration 
of the invention. 

Deposit Summary 

Plasmid ATCC Designation Date Deposited 

10 pMP76 



EXAMPLES 

The above disclosure generally describes the 
present invention. A more complete understanding can 

15 be obtained by reference to the following specific 
Examples . These Examples are described solely for 
purposes of illustration and are not intended to limit 
the scope of the invention. Changes in form and 
substitution of equivalents are contemplated as 

20 circumstances may suggest or render expedient. Although 
specific terms have been employed herein, such ' terms 
are intended in a descriptive sense and not for 
purposes of limitations. 

Methods of molecular genetics, protein 

25 biochemistry and immunology used but not explicitly 
described in this disclosure and these Examples are 
amply reported in the scientific literature and are 
well within the ability of those skilled in the art. 



30 



wo 99/25859 PCT/CA98/01065 

10 

EXAMPLE 1 

. This Example describes the construction of plasmid 
pMP76 as outlined in Figures 5, 1 , 8A, 8B, 8C, 8D, 9A, 
9B, 10, llA, IIB, 12A and 123. 
5 Plasmid pSFV link was created by restricting 

plasmid pSFVl (Gibco) with BatnHI. This plasmid was 
then ligated with a linker (SEQ ID no: 5 and 6) to 
produce plasmid pSFV link (Figures 4A to 4D, Figure 5) ♦ 
Some of the SFV replicon fragments were subcloned 

10 by restricting pSFVlink with EcoRV and Spel and 

isolating the 890bp EcoRV-Spel fragment. This fragment 
was then restricted with EcoRI and the 1906bp EcoRV- 
EcoRI, the 1578bp and 3627bp EcoRI -EcoRI and the 899bp 
EcoRI-Spel fragments isolated (Fig. 7) . 

15 The 1909bp EcoRV-EcoRI SFV fragment was cloned 

into EcoRV-EcoRI restricted plasmid pMP52 to produce 
plasmid pMP53 (Fig.9A). The 899bp EcoRI -Spel SFV 
fragment was cloned into EcoRI -Spel restricted pMP52 to 
produce pMP54 (Fig.9A). Plasmid pMP54 was then 

•20 restricted with Spel and made blunt -ended with Mung 
Bean nuclease. The plasmid was then restricted with 
Bglll, dephosphorylated and ligated to the hepatitis 
delta virus ribozyme linker (SEQ ID nos. 9 and 10), 
that had been phosphorylated, to produce pMP55 (Fig. 

25 9B) , 

Plasmid pMP52 was created by ligating a 
linker (SEQ ID nos: 7, 8), into the EcoRI site of pUC19 
(Fig. 10) . 

The 1578bp EcoRI -SFV fragment ws cloned into 
30 the EcoRI site of pUC19, to produce pMP46 (Fig.llA). 
This plasmid was then restricted with PpuMl and made 



wo 99/25859 PCT/CA98/01065 

11 

blunt-ended with Mung Bean nuclease. The rabbit 
globin intron II PGR fragment (Fig.l) was made blunt - 
ended with Mung Bean nuclease, phosphorylated and 
ligated to the PpuMI restricted pMP46 to produce 
5 plasmid pMP70 (Fig.llB). 

The 3627bp EcoRI SFV fragment was cloned into 
the EcoRI site of pUC19 to produce pMP47 (Fig.llA). 

Plasmid pCMV3, which contains the CMV 
promoter, Intron A sequence, BGH poly A sequence and 

10 SU40 poly A sequence, was restricted with Ndel and 

EcoRV. The 3191bp Ndel-EcoRV fragment was isolated and 
dephosphorylated. The 1321bp Ndel-EcoRV fragment was 
isolated and restricted with Sad. The Ndel-SacI 
fragment of 334bp was isolated {Fig.l2A) . The isolated 

15 Sad -EcoRV PGR fragment containing the 5 '-end of SFV 
was ligated to the previously isolated 334bp Ndel -Sad 
fragment and the 3191bp Ndel -EcoRV fragment to produce 
pMP71 (Fig.l2A and 12B) . 

Plasmid pMP53 was then restricted with EcoRI 

20 and BamHI and ligated to the isolated and 

dephosphorylated 2151bp EcoRI fragment from pMP70 
(Fig.SA) . This ligation was then restricted with EcoRV 
and the 4057bp EcoRV-EcoRI fragment purified (Fig.SA) . 

Plasmid pMP47 was restricted with EcoRI and 

25 the 3627bp EcoRI fragment isolated and dephosphorylated 
(Fig.SB) . Plasmid pMP55 was then restricted with 
Bglll, dephosphorylated and restricted with EcoRI. The 
985bp EcoRI-Bglll fragment was isolated and ligated to 
the previously isolated EcoRI fragment from pMP47 

30 (Fig.SB) . The ligation reaction was then 



wo 99/25859 PCT/CA98/0ia65 

phosphorylated and the 4612bp EcoRI-Bglll fragment 
isolated. 

Plasmid pMP71 was restricted with EcoRV and BamHI 
then dephosphorylated. This fragment was used in a 3- 
5 way ligation with the previously isolated 4612bp EcoRI- 
Bglll fragment from pMP47 and pMP55, and the 4057bp 
EcoRV-EcoRI fragment from pMP53 and pMP70, to produce 
pMP76 (Figs.SB and 8C) . 

The 5* end of the SFV replicon was produced by PGR 
10 amplification of pSFVl using primers SFV-5'-3 having 
the sequence 

5 ' -ATCTATGAGCTCGTTTAGTGAACCGTATGGCGGATGTGTGACATACA-3 ' 
and EcoR-SPE having the sequence 

5' -TCCACCTCCAAGGATATCCAAGATGAGTGTG-3 • (SEQ ID no: 9 and 
15 SEQ ID no: 10 respectively) between the CMV promoter 

and the 5' end of the SFV replicon. The resulting PGR 
fragment was restricted with Sad and EcoRV (Fig. 13; 
SEQ ID no: 11) and the fragment isolated. 

SUMMARY OF DISCLOSURE 
20 In summary of this disclosure, the present 

invention provides a modified alphavirus -based 
expression vector wherein at least one optimal splice 
site is introduced to the alphavirus replicon to 
prevent aberrant splicing of the alphavirus genome; and 
25 improve transport of RNA out of the nucleus. 

Modifications are possible within the scope of the 
invention. 



5 
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CLAIMS 

1. An expression vector, comprising a DNA molecule 
complementary to at least part of an alphavirus RNA 

5 genome, which DNA molecule comprises the complement of 
the complete alphavirus RNA genome regions which are 
essential for replication of the said alphavirus RNA 
and further comprises a heterologous DNA seuence 
capable of expression in a host, said heterologous DNA 

10 sequence being inserted into a region of the DNA 

molecule which is non-essential to replication thereof, 
and the DNA molecule being placed under transcriptional 
control of a promoter sequence functional in said host, 
wherein at least one heterologous splice site is 

15 provided in the DNA molecule to prevent aberrant RNA 
splicing of the alphavirus. 

2. The vector of claim 1 wherein said promoter is 
'placed upstream of the 5 '-end of the DNA molecule such 

that the resultant transcript has an authentic 5* -end. 
20 3, The vector of claim 2 wherein said promoter is the 
cytomegalovirus immediate early promoter. 

4 . The vector of claim 1 which further comprises an 
additional DNA sequence at the 3 '-end of the DNA 
molecule to direct proper in vivo cleavage at the 3 ' - 

25 end of the DNA molecule. 

5. The vector of claim 4 wherein said additional DNA 
sequence comprises a hepatitis delta ribozyme sequence. 

6 . The vector of claim 1 wherein the heterologous 
splice site sequence is provided by the DNA sequence of 

30 the rabbit fi-globin intron II. 

7. The vector of claim 6 wherein the heterologous 
splice site sequence is inserted into the DNA molecule 
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at a location which generates perfect splice junctions 
and. restores the function of the SFV replicon when 
removed • 

8. The vector of claim 1 wherein the alphavirus is a 
5 Simliki Forest virus. 

9. A cloning vector suitable for expression in a host 
cell of an heterologous DNA sequence, which comprises; 

a DNA molecule complementing to at least part of 
an alphavirus RNA genome, which DNA molecule comprises 

10 the complement of the complete alphavirus RNA genome 

regions and has a cloning site for insertion therein of 
a heterologous DNA sequence capable of expression in a 
host cell, said cloning site being located in a region 
of the DNA molecule which is non-essential to 

15 replication thereof ; 

a promoter sequence functional in said host cell 
and transcriptionally controlling said DNA molecule, 
said promoter sequence being placed upstream of the 5 ' - 
end of the DNA molecule such that the resultant 

20 transcript had an authentic 5' end; 

at least one heterologous splice set provided in 
the complement of the DNA molecule to permit aberrant 
RNA splicing of one to generate perfect splice 
junctions in the alphavirus; and 

25 an additional DNA sequence at the 3 * -end of the 

DNA molecule to direct proper in vivo cleavage at the 
3* -end of the reactant RNA molecule. 

10 . The cloning vector of claim 9 wherein said 
heterologous splice set is provided by the DNA sequence 

30 of the rabbit S-globin intron II. 
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11 . The cloning vector of claim 9 wherein said 
additional sequence comprises a hepatitis delta 
ribozyme sequence. 

12. The cloning vector of claim 8 wherein the 
5 alphavirus is a Semliki Forest virus. 

13 . The cloning vector of claim 8 which has the 
identifying characteristics of plasmid pMP76 shown in 
Figure 8D. 

14. The cloning vector of claim 8 having SEQ ID no: 
10 11. 
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uucdD)UfdDiDi(d(d4JD)UUUcdUfdD)UUGiCn4JOU 

rd4J4JjJ^ cd & & (d cd 0)t7iCT)-PO Died U D)fdrd 

fd4Jfdxja(dcdcdU4->^fdcdcdcdDiuyDaJ&^ 

UU&U&UU4JXJ4JUD)cdUUD)D)cdD)OUcd&Uj^^ 

u o D)cd U u tntn&Cncd DiCnD)tncd ^SS-H*^ 9^ ^ 
uDUiJUcd04JD)fd(d4Jcdu&^-p&D&U(dD^y'y'5 

CdCd4JU4JCj)4J4JUUUU-UCdDlD)4->D)fJi;JXJ4J& 

fdD)cdD)^fdfd^ucdDiDifdD)-P4->otdocduyu 

fdDi4JjJcdcdUt3)OJJDirdUUDi4JrdU(dOOrdcd4J5^ 

D)-PUUDicdGi4J(d-ucdDiu&L)4JUcdfdU(dU4Jcncdcd 

cd OiU t5)fd DitnoJ tnu tnOirdCnJ-J-PO D)Cn&y tp-U Cncd D) 

&ucdcduDiurdd4->uuou&4JUfducdaJUi-^uaJcd 

(dfdcd(dcdcdCnutj)U4J^^4JUcdcdfdo^-uD)^at^ 

cdcducd&Di4JcdCnDird4Jfdcd&4JD)DiO)fdcdcd&-uu 

0O(dDiC7icdD)ardD)DiD)Uuacd(dydjua-^4jyyurd 

UJJcdu^oaJ(dUi->4JcdcdJJD)Uucdd}4J4JtdcdcdO)cd 

fd-Pcducdfdcjuu-p-ucdcd-uoJU-PG^Diu&ucduucd 

UCn4JOUUUDlUUUOt7)UDlU4J5)&04J-UfdU5lO 

04JUD)Ucdcd4J(ducd4J4JUD)U4Jcd4JaJUcdUD)cdy 
DiDiD^CnU U4J CnU4J D^-P-P Died O D)U4J cd U 0)DitnU cd 

ucd4J(d4Jfd4-)uuut7)04JtnD)fd4J&)U4JfdD)ycda^ 

cjU(dfd4J(docd4->cd-uoi4JOcdcdtncdbiD)D)4J(ducdfd 

CntnoJ cd D^rd CncdoJ 0)U U DiDiDicd U cd D)cd D)4-J-J-J D)U U 

CDOicd cn&OiuxJ u u cnCyi4J4J Died uu cd cd [dcdO-uoJ o 

uucd-Ufdouucdcd-PUUCnocdCncdoctiCnDiu^Juu 

Di4JCn4J&cdcduuG)Udcd4->D)tnxJG)cdfl3cd4JUDi(d-u 

cducdcdDiCnCnujJG)UUUOD)UUcdDiuD)U-PUfd 

4JcdcdcdcdtjiucnucdcdCncd04JDiucd&bi4-J-pcduoy 

ucnD)fdO0)b)U4->U4JD)cdD)cdD)Cn&u^4J-pyd)5)D) 

C7id)0)0&)cdDicduo&4J4JuD)&u-PUU(Dfdcd&cdo> 

jJ4JDiu-uojJjJUD)cdU4JU4JiJOU4JCncdcd^4JUcd 

cncd-Pcduu4J4JD)cducdcd-uu(dcd&J-iD)cdt7)^-u&4-> 

ua4Jtnb)4Jcd&Ufd4Jcd-PU&uD)cd&D)tncd(dU4JU 

cdL)cdxJCJUU-P^cdcdU4JcdcdJ->cdUCJ)(ticdUfdU(dOi 

cdcd4JO)UfduOifdcdOiU4JG)cd&ucd4JOicdfdD)-PO)4J 

b)U(d-iJjJUCn4-»uot3icdD)-i->u-PcdcdCJ)cd4-)U4JCyicdu 

tdU(dnjjj-ucdU4Jcd4-)AJjJCj<duu4-)cd-u-u>cd4Jaou 

uuaaJCy)Cn&D)cdDitnU4J(dt;)D)fdacd&iaJ4Jcd 

cdcdcdUD)cdCn4JCnuD)U4Joouot5)CJDiOi(dcdU(du 

4J4JD)U^(d(jfdu-UD^fdu-uucd4JUD)cducd4-)0)UDi 
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^6oooc3^o^OT^.^03CNP^^^^^lrllnvot-^-raroa^oo^^r^cN 
r- c->a30oooc}ooooocx)c»ooooooooooooooooo^o^o^cr.o^ 

SS^iiuS^SId u turd udltd U0)0 u^u ^(0(d p^&O'U 

>Tiirtn^n(rif«rd4JaJ<didDiUUOU4JU(dtJ)nJDlU 
(d(d(dOXJUU-U(OnJ'OUa5rd4JUUOGi<«D)(OGlD)UU 

xJrd0l(dcdAJU(ti4J0JUD)UAJU(dU&UOnJ|J& 



u , 
Di (d 
u 
(d 
(d 
(d 



II fd(dDiO)4JcdOUU(dtdU(d&D)&D)2^u-UfJ&fJ-^-^Jo> 
uD)O&t^u^4J4J(d(dtJi4J(dotnAJCnDi0iycnaJ0^ 

^ nfrtxj(darSaJ(dtdnifdd)0)fdDidiOGi-iJOUbi«dU4J4J 

— ^n3\uxJUtd4J(d4J(dfddiditnuuu4Jtn4JD)4J 

U_ u S 1d Id di4J 01 &4J fd cd ^ (d (d cn-p u ^ u rd (d D) D)4J (d D) 
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oooooooooooooo 

OOOOOOOOOOOOCNCX)'^OVOCNOO^O^CNOO^O 

ovp<Njoo^ovx)r^3oo^ovoootHc^cNf^ro^ir)Lnv£)U5r^oo 
rof^^^Lnvovor-r^cocricriOooooopooooooo 

O^CTiO^<T^<T^<T^O^O^a^O^C7^0^^Hr^^HTHr^r^^Hr^TH^THTH 

fd O-P fd4->^ u U-UJJ u-u bixJ (d-u u u (d ou 0)<d (d bicd 

rdUUUaJJJUDl-l->OD)4-iUUfdt7)D)C)fdGifdO(dOGiCn 

uD)6)UcdDi-U(dD)fd-i->fda->4Jtd4-) U(d OOifd Gnu u u u 
U4JXJ Di4->-u.u-P tnO)^ u-PJJ tj) u D)<d-u u-P-u) &i(d4J rd 
(d4->D)fd04JDi4-»-P-P04JD)-PD)fdU-i->Cnu4J(doo(do 

iJD)fd U4Jtn(dD)fd cn-ucd (dt^u-P ujj D)D)U4J ouu u 
4->(duuD)UUCnu-POUUUcd4J-UfdUi-)&4J&cnucn 
&4Jacd(drd4JU4JU&-PUD)UD)4JU{d(dCnL)a4JUDi 
(d(dua5ucd-PCnuxJ4JU4Jcd(dtjiCnfdtnD)-iJoouuu 
uuufduurd(dfd4J4Jt7ifdUD)DiCnDJ-J&uocnu4-)u 
dU&4J4JCnU(dUi-^D)4JD^OUrdD>4JfdOD)4JOO)i^Di 
D)4->Di(dfdU4J(d4->j->fdDirdfddiuC7)fdb)&iC>)UOO)0-u 
4Jfd-i->(dUDi-i-)cdfdODicdlJ)UDi4Jfdu-pfdtn4JfdO)-Ufd 
uuuu04JU<d-u>CnOfd4-J4Jt7)fdJ-JiJD)fdtJ)OOtnfdcn 
tyi-p-p CHfd-u-p o (d-PJ-J cd-P fd d Oi-p o t7)tJ)U Di-p 

Cn4->tdfdU4JD)OD)fd(dfdG)-P(d4-'(d^ou-PU(dfduoi 
d)0)U o u 0)-p Cn-P & tn4->-P U-P4-) <d4J4J-P tJifd D)U u tn 
aJouj->D)rdfd-PCnfdOJ-)U(dfd(don3-PCn4JD)-Puoo 
4JiJcd(dU-P4Jtn(dfdCn-PDi4-)fdUfd4JxJ4JD)U-P&Diu 

U4J-P4JU cd D)-PU-P tJlO CJ-P&CDCd-P 0)UD)4-> OlD)(d & 

td4J4J-P4JcdD)xJdi&o fd u-Pd)cdfdfdu-PD)cd u o 0)U 
(dcdU4JrdJJ4JCnuu&tdfd4-»D)aJ4-»otn4JU4JOUUD} 
cd4->D)cd4-)4JiJxJuu4Jb)4->Ofdtnfduoua)fdcnua)Di 
-P u &Di-P D)-P fd tn-P fd fd-P4J (d-P fd (d D)D)tJio 0)U D)-p 
5)4->Difd-PfdOnoD>fd4JOOfdfd4-)(dfdU(da-)Ufdu-P&) 

fdD)rduuouu4Juty)&-PUfdfd(dfd4JU4->(dtJ)-P&4J 
t^4JOiUfdU4JU-PU4->tdfdO)fd-PftiDiOfdD)U-PD)fdu 
4JUCn-P(d D)CnucnD)Cni->D)fd(d4J oifdJJ ojj Di4J(d fdu 
fdxJ&uuuuufd4J(dfd&oufdfdrdD)-PD)^D)UDifd 

4J fd U DiGi-P-P-P fd fd-P U fd4J D)4JJ-»-P O &iD)D)Olfd u o 
fdCnfdCn4J4JUfd4JUfdfdfd4JOfd^u-PCnDifdfdfducy) 

-PU4JuuDitnCnOiPfduuuurdJ-»-pj-)UUCn4Jouu 
fd&ifduu(du-P(dDiDiU4J-PD>Ufdtn4->fdDifduoCnu 

-pfdD)(dJ-J4-)(dfdfd^fdDiU(d4-)^4JOO&i(dG)fdUfdfd 

DiUUU&D)OUCnU D)U4-J D)fd-P Difd U fd U4J4JDiD)fd 
fdi->fd-PD)fd-Pfdfdfd^D)U4-)rdaJ-PD)U0)4JUD)OJ-)O 

fdUJ-)U4->fdD)-P04JUUfdU(d-PfdJ-)di&)tnfdfdG)fdO) 
fd4-)L)DiD>j->-P4J4JiJj->Ufd(dfd4JfduDioU4JUD>U(d 
-pfdfdUfdD)D)tn&u-pfdfdfduoD)UfdUD)DiU4J4JO 
U4-3fdfdfdfdD)fd-p-pfd-pfducnuj-»fdO)UU4JU(duu 
-P UJJ U & D)-P D)-P O U fd DiO O-P-P V U-P D)-P tJ)D)CnCn 
fdUfdU(dfdG)U&i-»4Jfduufd-P4-)U(dot7)fdfdfduo 
fd(dDiuo-PUD)04-^D)4-»cnfdaJUfdCnoD)u)oioD)D>& 
uUfdfdD)U4J&4-»fdfdfddiUD)-P4J-P4Jcdfd(dcnD)fdtn 
4J&-p&UD)fdfd(d(d(dtJid)D)D)OfdGifduoufdfdfd(d 

fd&&fd&fdUfdO)-PUD)Cn-p(d(dUfd-PCn4->CnfdfdU4J 
fdfd-PD)fdfdt7)UOfduD)U&U4-)fd(dD)-PDifd&Ofdfd 
fdCnD)UD)DiDi-POUfdU-POfdfd4JfdUfdUD)D)Cnfd4J 
j-»-PL>D)U&i(dfd4JD)td(d4-)-pfdOfd(dDiuUfdfd4Jfdfd 

xJD>-PUU&lU&O4-)OaJUOfd-PD)D)&fdUU4JfdC7l0l 

4->fd&u&Ufduuu-pfda-)fdfduD)afdU0)-P4Juuu 
iJUU(dDiu-Prd-PfdUfd4Jocdfdou-P(d<d(dfd&utn 
DiaJU4JCnD)Ufd&Ufdo&au4->D)0(dDifduu-PCjiD) 
fd(dOfdfd-PD)UD)D)-p-PUucnfdfdUfd4-)UD)tnDiuu 
fd(du&fd4-)xJCJU(dD)CnrdrdfdfdD)-pfdUfdD)4J&fd-P 
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KO C<\ CO ^ ^ 

CO a\ a\ o o 

O O O tH tH 
tH iH rH ^ 

D) U -P 4J 

& Di 4-) (d 
& d) u u 
o u Di 

4-) D) fd 03 

4J 4J 4J iJ 

4J u oJ (d 
(d 4J fd u 
u o (d 4J 

o cd u (d 

(d Di fd -u 

& u a Cn 

jj u fd -P 

u (d xJ fd 

D) fd O 4J 
u fd D) 4-» 
U 4J U 

4J u fd u 
Di fd D) fd 

D) fd fd fd 

4J u U 4J 

4J u u fd 

fd -u O) u 

t5^ & fd fd 

4J o fd 4J 

u i-> -u fd 

4J D) fd 

jj fd -u 

o Cn u 4J 

u fd 4-) fd 

u fd 4-) fd 

fd cn u u 

Di fd D) fd 

4J U 4J J-> 

fd -u u u 

tn U -P Cn 

u fd & 

D) fd O) u 

fd fd D) D) 

4J D) fd u fd 

0 (d 4J fd -P 

01 u fd fd fd 
01 u tn cn 4J 
4J (d -p fd u 

0 -P fd 4J fd 

4J 4J 01 -P U 

fd Di fd Oi fd 

D> U 0> U Oi 

01 0) fd -p 4J 

fd Oi Oi Di 01 
01 L) fd -P Oi 

fd fd Di -P fd 

-p 4J fd u fd 4J 

tV 01 01 fd -p -p 

^ U Oi xJ fd -P 

^pI 01 u 4-) o fd 

CD 01 01 j-» fd 01 

— - O 4J Oi-P u 
LL u 01 fd 01 fd 
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Construction of pSFVIink 



EcoRV 



Spel 

BamHI 
EcoRI 

PpuMi 




cut with BamHI 



PpuMi 
EcoRI 

PpuMi 



EcoRI 



iigate in linl<er 

GATCATAGCGCACTATTATAGGATCCA 

TATCGCGTGATAATATCCTAGGTCTAG 



EcoRV 



Spel 

BamHI 
EcoRI 
PpuMl 



SP6 promoter 
^Amp' 

SFV replicon 

pSFVIink 
1 1 060 bp 



PpuMI 
EcoRI 

Ppul\/II 
EcoRI 



FIG.5 
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OOOOOOOOOOOOOOOCNOO'^OVOCNOO 
OOQCO'd'OVDCNOO'^OVOCNlOO'^OVDOOrHCNCNrOrO 

4J4J04J (du D)bi4->«J-iJ«J&0)f^"*^2^2.-ii-y 
td4JxJj-)(du-U4-)d)U(titJifd«dDi04-)OuaJ^(d& 

^IjiSij&ufatJiuxJAJuuDitoyy&yyidJjy 

Iti (d (d u u & u u u & u o u (« 4J 4J u ^ £ o u 
iSujJfdij^iO-p-iJfdCnuCnUfdotOUCnAJtTiOiu 
D)(da3Di4JD)UCn4JOCncnyuyD»q)Giuuu&-u 

4J4JUfdUfCDi4JCnt!i-i-i-«-'-i->'dCntn'S5!5."?S!Sti 

CU CniJU(0«dU4JaJU4Jn5ttiUyDiOf0(0Di-jJDir0D) 
4j(0jJUt3lUD)D-U4JUUU4->CnDlDiUfd4JUUU 

o idU'dOi'0(dou(0DiD)O4JU4-)4-)D>oD)U(diJdi 
oucju-u^utdd)4JU<ducn4J4J<dUfd4J4Jtj>di 
0) cnD)4JU(dD)U^oi4J(d(tiyd>fd5uy-p«d|d-prd 

n4J4JUU4J(d«dditJ)U4J4J<dtn(duD)UD)&2.y^ 
CO §5 u u (d u JJ dIj -u o u (d 4J u u u JJ <d xj 4J u 

Q) 4J{dAJU4J{dD)nJ(dcduD)4Jd)G)DiCn&DjD)5)jdDi 
xj(dD)Ditj)UdiU(d(d0)OO4JDiCnAJUD)fd(dtJ>y 
•H «JUCnU(duua)UUO*JD)£fd4JG)0)2Ufdug^ 

4J 4JuC7)U4-)U(dD)U4-'UO(dOiD»o<d(d2.LiH'2H' 
^ (U D)DiutJ)U4JjJ-uuuo(dO(d-u<dDjOi&yu(d4J 

CD u 4J(diJ4JU(d(dd4J&(d(d-u&D)&yCnU4JrOaJtn 
: — d 4JUAJ(d-U(dU4-)t3i-P-uuD)4->uU4J4JUUU{d-u 
UU s aSi-)<d(d-Ufd4JU(d4-){dtJi-UD)-U4Jcdcd-UCnCnu(d 
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'd<OVX)(NCO'^OVDCNOO"^OVOCNOO'^OUDCNCO'^OVOCN100-^ 

^^^^^^^^^tHCSir^^CNOg cncm cncmcncncmcncncncncn 
(rtu U(0 (00 (dfOUUd)tJ)<i5fOCJi'd tdnJaJj-JOi-UjJ cnuxJ 

d)cOUxJUDiDf&oij-iJ fd (d fd U U D)DiJ D)U4J Cnrd <TJ (0 

cnrd & u o Ditjju d)^ D)4-»4J4J (du fdrt 5)&y mo g^g^u 

DiaS(diJ(dDi4JrtJ(d4Jo<dD)ogy&yg^&-tJd»«3t?S'& 

<d&0)tdoDi(do<d(dooocnCntd«dfd&otdoou(d& 

4J(d(dfd4J(d4J4JCnu4J04J4JCno4JO(d f35!SlSf, 
(dfdtnO(dDi&cnD)OiDiaJ4J(didyyO)|dfdCnaJr3^&^ 
ooij(d(dtJi4JOOoaJOCnDion3<doo4J4JO&D& 
(dG)Ofd(doo(d(d4JCj)(dO(d04J<dy4Ja^tnnJ|J|J^o 

rdOrdtd(d&ODinJD)&04J(dDl4Jdin^Oy-P-tJO&&0 

t3)oo4JD)OOOD)ODiCn04JfdO(dotn(d(dD)CTyq)gi 

&^rOD)§^idi)OiJOXJ-P«d^OO{d^x^ 
{d04JD)(dO-PfdD)D)Ofd(d(d-PD)&DlD)5yO^-tJ-iJ-t^^ 

O4J0i(d4J4JrdDi4JDiJJt3)4Jot3i(d4J(dO(d(d&& 
u-PAJ(d-utdoujJ-iJO<d-PD)Ofd4J(d04J4J4JOfd4J4J 

D)(dxJfdCji-u^D)D)&0(dJJ04JD)D)fd(d(dyfdyD)D)fd 

Diotdtn«dDiU(dfd4J(dO)Cn(dt3)(dyD)5)(d«JxJrootJ)Di 

(doo-i-)4JO-u-i-'-P-i->'dCn(dooD>«d4J(d4J4jy&OJjrd 

mOiJ(docn(dtnurd(d<d(dD)-P&fdCn^otdOtdCn&-i->|d 
^ D)43 ooD)fl3fd&0)«ddi(d(do ^.o Oicn^ooyy-utn 
CO 4jijO(dcoijD)-uCnO(dooD)(dO£005xJOfdfd&a^ 
-pj ■iJO4JO4JD)'0td(doCnaJ^(dt3ifd&&OfdG|&i 
CD 01 (d (d o & o td u Cn-u (d o o Cn y o o cn & u ^ 4J D) & 
== JJ fd tn4J cn o (d di (d 4J (d (d o 4J 4J 4J fd Di o oj Di Di-u o o 
LL 0i(dD)J-icnCDDiCnuoD)(dOD>ooCn(d-U0)(d(dCii<d4JtJ) 
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0*X)CNOO'^OVDrS100^0VDCMOO';J<0<X>CNCO'^OU3CNOO'^0 

AJU4JOU(TJIJlU(CUU(d4-><d-l-'CTlJ-»-»J-l-'UUDl(dU(Tja-) 

(t) 0)4J & 0)4J4-) (ti UJ-> CnD)J-> 01.M4J Di-UJJ Di<0 u 5 U g^AJ 
U4J D1UU D)4J4JD)0 UxJ0l4JAJi-) aJJJJJxJDi-POlU U Oi 

(0 cndltd U4-) D)<d u Cnu uoj Di4J Cn-u-u cd rd jOfJ-JJ tnCnoJ 

Cn4JjJ(rtrntrtU(tiUU(0tdU-lJfdUOn3<TJf0-l->U4JU4-)ta 

D)cduO(duuu(OC5iD)4JCnrt|d4-)U4JfOfOCn-p 

frtaJ4Jtn4Jcd4Jt04JJJ4JUD>(0G)4JJ->'dD>di4JaJOU4J4J 

AJ(d(dxJiJaJ&U4J(ddu&D3U4J4JfdJJ4Jn3f^^ 
(du&AJG)fduo(dD)U(d(dD)U(d4JU5cd4jy(oyD^nj 

jJUxJ4J(dD)&UUUCnD)D)n3fC4JAJ4J(dJJ(OU4JfODiJ-) 

§^ §^ !d ^ SlJ & u u D) u xJ iJ JJ (d xJ 4J cd 
<dD)DD)UUU(duo&0(d£UxJxjy^2tlt^SS.SS,?^^ 
Di(d&-iJU(dt:jicn(dtd<d(d&-uid4J4JUUGiDiun34Joai 

D)(dfdDiuu<dU(d4JxJ(d4J(d£-U4-»-y<dDi.uuy^ 
cdd>4J4JrdD)UD)UU(dDiuucn{d4J(d2^xJ^u^D)&& 
omcn(d(dxJU4JuaJjJ4JUJJ4JU(d(dO)CpxJ&ymD)D) 

4J (d (d4J{didJJ(duCnD)Cnu-u-u y u-^'S.H.-HS^ 2,i^ti 
<dU(d(d4JDid&DicnD)U4JfdUfd&yD)OixJD»4J& 

CD D)DiuaJ4JjJ4J(dtd4Jt3)<d(d(du<d4J4JcdCnuu-u-pqi2^ 
C3iD)(duO)rd(dfd(dxJD)00)idoy4JUAJiJ4jyjd(d-uG> 

&uD)uijxJxJUUd)aJtJ)U(d£fdU4J4JUUfdyn^DiD) 
ut3iC7)4J4J(dD)CJiuidfd(dO)JJD)Cndi4J4J&4-)fd5-p-iJr3 

LL u(dD)tdu<dfdt7»fdU(dCJ)D)tn-ua->(d-U-i->Di-i-)aJ(dfdOioi 



o 



(3 
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ScN00'5<OV0fN100^OVDCN00^OVX>CSl00^O«^CN00rJ<OVD 

LnvD*^r-ooooo^cnor-iTHCNjojfo^'^ininu5r'r-oooocrvoo 
onSOlfflU<d-UCJlU(dUUCn4JDl«d&)OUU-U(0 



4J 

(0 



D) -U -U fO 
4J (0 U D 



^U&flO&UfOnJDiJJunj^ojy&fdCTD^or^^ 
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Subcloning of the SFV replicon 
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Construction of pMP76 
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Construction of pMP76 
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Construction of pMP76 (cont'd) 
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Construction of pMP53 & pMP54 
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Construction of pMP55 
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•AGGCTTCCTCCTGCGTGCAGGTGAGCCTACCGATTCCCTCTCTAG 
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Construction of pMP52 
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Construction of pMP46 & pMP47 




cut with EcoRI and dephosphorylate 




FIG.11A 
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Construction of pMP70 



T 



cut pMP46with PpuMI 

1 

Make blunt-ended with Mung Bean nuclease 

1 

ligate with the rabbit p-globin Intron II PGR fragment 
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Construction of pMP71 
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Construction of pMP71 (cont'd) 




FIG.12B 
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